Introduction {#sec1-1}
============

The *Pediatric Intensive Care Unit* (PICU) is a unit within a hospital that is equipped with staff and medical devices to provide care and treatment for critically ill patients. Critically ill patients require intensive care under which the patient is closely and continuously observed in order to identify physiological changes associated with the declining functions of body organs.^[@ref1]^ Children admitted to the intensive care unit are at risk for pressure ulcers.

The prevalence of pressure injuries among hospitals is varied. A study by Schinder *et al*. reported that the incidence of pressure injury in children ranged between 3% and 10%.^[@ref2]^ Kottner *et al*.'s study (2010) revealed that the prevalence of pressure ulcers in children who were admitted to the ward and PICU was 7% and 27%, respectively. ^[@ref3]^ A study conducted by Rowe *et al*. (2018) in pediatric hospitals in the United States reported a surging incidence of *Hospital Acquired Pressure Injury* (HAPI) of up to 117% throughout 2013 and 2015, and the Pediatric Intensive Care Unit had the highest prevalence of HAPI.^[@ref4]^ Curley *et al*. stated that 22 of 86 HAPI cases were associated with immobility and the rest were associated with medical devices.^[@ref5]^ Widiawati *et al*. (2017) identified medical devices that were linked with pressure injury in the PICU of X hospital in Jakarta, including the *endotracheal tube* (ETT) in 13% of incidents, the *orogastric tube* (OGT) in 12% of incidents, the *nasogastric tube* (NGT) in 11% of incidents, and the oxygen saturation probe in 6% of incidents.^[@ref6]^ It can be concluded that prolonged immobilization and the challenge of positioning medical devices are major causes of pressure injury in the PICU.

Pressure injury causes physical discomfort that may affect a patient's health status or even lead to death. The management and treatment of a pressure injury require a longer time, which prolongs the hospital stay and increases the cost of care.^[@ref7]^ Alderden *et al*. reported that HAPI may prolong patients' length of stay, increase morbidity, and aggravate their suffering.^[@ref8]^ Preventive measures are critical in order to prevent the development of a pressure injury throughout hospitalization.

A one-week observation of medical device-related pressure injury in the PICU X hospital in Jakarta revealed that 3 of 7 observed patients were affected by pressure injury due to pulse oximetry and 1 of them was caused by the tensimeter cuff pressure that is always attached. All of them were affected by a grade 1 pressure injury. Interviews with nurses revealed barriers contributing to their neglect of preventive measures for pressure injury associated with medical devices. The first barrier was the number of priority interventions that they should perform. The second one was a lack of comprehension concerning pressure injury associated with medical devices in the intensive care unit. The third barrier was that pressure injury associated with medical devices was not included as a quality indicator of nursing service in the hospital. The fourth one was a lack of instruments to predict the pressure injury risk associated with medical devices. So, a validity and reliability test became the priority to obtain a valid and reliable tool.

Materials and Methods {#sec1-2}
=====================

The *Pearson correlation product moment* was applied to test the validity and reliability of the instrument. The sample size formula for a correlational study was applied and required 51 children for the research subject. The *consecutive sampling* method was employed. The inclusion criteria were children between age 1 and 18 who had been bedridden for at least 24 hours. The total participants in this research were 51 children. The research was conducted in the PICU within 14 weeks (January 1, 2019, to April 5, 2019). The instrument used in this research to collect data on the participant characteristics was an observation checklist that covered age, sex, and the Braden QD Scale tool. Ethical clearance was issued by the Ethical Committee of the Faculty of Nursing of Universitas Indonesia (No. 10/UN2.F12. D/HKP.02.04/2019).

Results {#sec1-3}
=======

[Table 1](#table001){ref-type="table"} reveals that the majority of participants were boys (54.9%). Most of them were aged between 1 month and 1 year or infanthood (37.3%).

[Table 2](#table002){ref-type="table"} indicates that 88.2% of pediatric patients were at risk for pressure injury based on an assessment conducted by using the Braden QD Scale. The assessment obtained by using the Braden Q Scale revealed that only 70.6% of the patients were at risk for pressure injury. The scoring of the pressure injury risk of each tool was based on the mean as the cut-off point, that is, 13 and 16, respectively.

Validity test {#sec2-1}
-------------

The validity test of the Braden QD scale revealed the r-value ranging between 0.532 and 0.833 and between 0.528 and 0.804 for the Braden Q scale with the r table of 0.279, which indicates the validity of the instrument.

Reliability test {#sec2-2}
----------------

[Table 3](#table003){ref-type="table"} suggests that in general, both the Braden QD Scale and Braden Q Scale were reliable with Cronbach's alpha (α) \> 0.6.

Sensitivity and specificity test {#sec2-3}
--------------------------------

The sensitivity, specificity, and accuracy value can be calculated based on [Table 4](#table004){ref-type="table"}. The calculation is performed as follows.

### Sensitivity {#sec3-1}

The sensitivity value is a diagnostic test result that represents the capacity of a test to identify people with an illness of the entire population of people with illness. The calculation of the sensitivity value based on the table is 36/(36 + 0) x 100%, which equals 100%. The sensitivity value of 100% implies that 100% of the risk for impaired skin integrity in children admitted to the PICU can be identified with the Braden QD Scale.

### Specificity {#sec3-2}

The specificity value is a diagnostic test result that represents the capacity of a test to identify people without an illness (negative test) the entire population of subjects without illness. The calculation of the specificity value based on the table is 6/(6 + 9) x 100%, which equals 40%.

### Accuracy {#sec3-3}

The accuracy value is a comparison between a positive subject with an illness and a subject without the illness of all screened subjects. The accuracy of the Braden QD Scale in this diagnostic test is 82.4% ((36 + 6)/51 x 100%) or good within a classification that includes the categories of very weak (\> 50-60), weak (\> 60-70), moderate (\> 70-80), good (\> 80-90), and very good (\> 90-100). The result suggests that if the Braden QD Scale was applied to assess pressure injury risk in children admitted to the PICU, the scale would result in a good conclusion in predicting the risk in 82 of 100 screened children.

Discussion {#sec1-4}
==========

The results suggest that the majority of participants were infants (1 month-1 year old). Lorento *et al*.'s study revealed that children below one year of age had the highest prevalence of pressure sores.^[@ref9]^ Age is a factor that contributes to pressure injury as the skin structure keeps changing within the first 18 years of life and its function will continue to develop.^[@ref10]^ Furthermore, a child's skin contains more water that is easier to evaporate and absorb than an adult's skin, which makes it vulnerable to damage. ^[@ref11]^ The second factor is that children would not yet be able to communicate the perceived discomfort, and the last factor is that they are inclined to be fussy or even to unplug or remove installed medical devices.

###### 

Distribution of participants based on gender and age in PICU.

  Variable                    Frequency (n)   Pencentage (%)
  --------------------------- --------------- ----------------
  **Gender**                                  
  Boys                        38              45.9
  Girls                       23              45.1
  **Age**                                     
  Infant (1 month-1 year)     19              37.3
  Toddler (1-3 years)         8               15.7
  Pre-school (3-6 years)      8               15.71
  School-age (6-12 years)     7               3.7
  Adolescence (12-18 years)   9               17.6

###### 

Distribution of participants based on pressure injury by using Braden QD Scale and Braden Q Scale in PICU.

  Instrument   Not at risk for pressure injury   At risk for pressure injury        
  ------------ --------------------------------- ----------------------------- ---- ------
  Braden QD    6                                 11.8                          45   88.2
  Braden Q     15                                29.4                          36   70.6

###### 

The difference in reliability test results.

  Parameter                   r~alpha~   r~alpha~   R~critical~   Criteria
  --------------------------- ---------- ---------- ------------- ----------
  Mobility                    0.790      0.728      0.6           Reliable
  Sensory perception          0.756      0.724      0.6           Reliable
  Friction and shear          0.766      0.739      0.6           Reliable
  Nutrition                   0.815      0.754      0.6           Reliable
  Tissue perfusion            0.796      0.747      0.6           Reliable
  Number of medical devices   0.834      \-         0.6           Reliable
  Repositionability           0.781      \-         0.6           Reliable
  Activity                    \-         0.742      0.6           Reliable
  Moisture                    \-         0.724      0.6           Reliable

###### 

Sensitivity and specificity test of Braden QD Scale on the Braden Q Scale in PICU.

  Instrument                                     Braden Q        Total
  ------------ --------------------------------- ---------- ---- -------
  Braden QD    At risk for pressure injury       36         9    45
               Not at risk for pressure injury   0          6    6
  Total                                          36         15   51

The results are supported by several studies addressing the impact of age on the development of pressure injury. Schindler *et al*. stated that age below 2 years was a risk factor for pressure ulcers. Habibalah and Tubaishat reported that pressure injury in the PICU mostly affected children under 1 year (72.1%).^[@ref12]^ A study by Schluer *et al*. revealed that pressure injury predominantly developed in patients who were admitted to the PICU (44%) and neonatology ward (43%).^[@ref13]^

A hospital is required to develop a guide based on *Evidence-Based Nursing (EBN)* in order to prevent HAPI. The standard procedure serves as a guide for nurses to implement uniformed intervention. According to Rowe *et al*., *Nurse Driven Pathway* (NDP) can be applied to prevent HAPI. NDP is proven to be effective in reducing HAPI by up to 57% in the PICU and improving nurses' compliance with the implementation of the pressure ulcer prevention bundle by up to 66%.^[@ref4]^

The prevention of *medical device-related pressure injury (MDPI)* is a challenge for nurses, as a patient who is admitted to the intensive care unit requires medical devices and yet devices may also harm the patient when not properly monitored.^[@ref2]^ According to Johson *et al*., preventive measures of MDPI included assessing the skin that is in contact with the medical device, repositioning the medical device, and proper placement of the medical device. An instance of proper placement of the medical device is inserting a nasogastric tube that is adjusted based on the patient's size, ensuring the tube is not too large or too small, and fixing it with tape for safety purposes.^[@ref14]^

Based on the sensitivity and specificity value, the Braden QD Scale is able to 100% predict the risk for pressure injury with a specificity value of 40%. The result disproves Curley *et al*.'s study, which revealed a sensitivity value of 86% and a specificity value of 59% at the 13 cut-off point.^[@ref4]^ The higher sensitivity value is directly proportional to the increased score on the Braden QD Scale since this study was conducted on PICU patients who were mostly affected by immobility and underwent placements with more than 8 medical devices.

A study by Curley *et al*. reported that the sensitivity and specificity value of the Braden Q Scale were 88% and 58%, respectively. Lu *et al*. indicated that the sensitivity and specificity value of the Braden Q Scale were 0.71 and 0.53, respectively, with 19 as the cut-off point when it was applied in the PICU; the low sample size presumably contributed to the low sensitivity and specificity. ^[@ref15]^ Liao *et al*. reported that the sensitivity and specificity value of the Braden Q Scale were 0.73 and 0.61, respectively, which implies a moderate sensitivity value and a low specificity value. Therefore, it is necessary to develop and modify the instrument that confirms the current situation and conditions for the best result.^[@ref11]^

There are several weaknesses in the Braden Q Scale, including an inability to identify medical device-related pressure injury, as the scale was originally applied for children aged 3 months to 8 years, and inapplicable for patients with congenital heart disease.^[@ref16]^ Flaws within the Braden Q Scale prompted Quigley and Quartrano to modify and simplify it to the Braden QD Scale. The Braden QD Scale offers several advantages over the Braden Q Scale. The first advantage is that the Braden QD Scale is capable of predicting pressure injury risk due to immobility and the use of medical devices. Second, this scale was examined based on participants ranging from preterm age up to 21 years old and those with various medical conditions (cardiovascular, neurology, surgery, acute, and chronic diseases), thus making it easier to apply to the pediatric or adult population admitted into intensive care.

Conclusions {#sec1-5}
===========

The Braden QD Scale is a valid and reliable tool that is applicable to assess pressure injury risk in children between infanthood and 18 years with immobility and medical devices.
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